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ABSTRACT
Differences in soil physical, chemical and mineralogical properties between inhabited 
and uninhabited Arctomecon califomica habitats
by
Rekha Saxena
Dr. Patrick Drohan, Examination Committee Chair 
Assistant Professor of Geology 
University of Nevada, Las Vegas
Vascular plant endemism to gypsum soils in arid environments is fairly rare; in 
southern Nevada few plant species are known to exist solely on gypsum soils and the 
explanation for why they exist on these soils is even less understood. One such species, 
commonly known as Las Vegas Bearpoppy {Arctomecon califomica), is believed to be a 
gypsophile endemic occurring on substrates derived from the Moenkopi and Horse 
springs geological formations in southeastern Nevada and northwestern Arizona. During 
the past two decades, populations of A. califomica have been declining mostly around the 
rapidly developing urban areas on public lands on the outskirts o f the Las Vegas Valley. 
This research was conducted in order to assess the relationship between A. califomica 
and the soils it inhabits. Soils from the Tule Springs area in North Las Vegas were 
analyzed for physical, chemical and the mineralogical properties in areas inhabited and 
uninhabited by A. califomica. Results show that soil surficial characteristics significantly 
differ between populated and unpopulated A. califomica sites. A significant difference 
was found in percent rock fragments and crust strength data between A. califomica
111
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populated and unpopulated sites. Populated sites were found to have higher percent rock 
fragment cover as compared to the unpopulated sites, which probably aids catching o f  A. 
califomica seeds and prevents them from being blown away by winds. Sub-surface 
horizons on populated sites were found to have lower bulk densities as compared to 
unpopulated sites, which suggest that loose soils allow better root penetration and 
therefore better availability of water and nutrients to the plant. Low penetrometer 
measurements at populated sites suggest that A. califomica populated sites have thinner 
or weaker crusts as compared to unpopulated sites. However, there was no significant 
difference found in soil sulfur and total soluble sulfate levels on A. califomica populated 
and unpopulated sites. Future research should explore this.
IV
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CHAPTER 1 
INTRODUCTION
Background information
Gypsophyle is a term used to describe vegetation that is confined to soils with over 
5% of gypsum (Meyer, 1986). Gypsophyles can be obligate meaning they are restricted 
to gypsum soils, or can be gypsum-tolerant, meaning they are found on non-gypsum as 
well as gypsum soils (Buckallew and Caddell, 2003). The endemism of gypsophyles to 
gypsum soils is not well understood. Plants may occur on gypsum soils due to high soil 
sulfur levels that restrict establishment o f non-gypsophyles (Parsons, 1976) or perhaps 
due to the presence o f thick cryptogam cover which may inhibit seed germination of non- 
gypsophyles. Gypsophyles may also become specialized in some plant function in order 
to overcome the many challenges facing a species occurring on gypsum soils such as high 
sulfur levels and high cryptogamie cover (Meyer et al 1992). Endemism of rare plant 
species to gypsum soils can lead to extreme population fluctuations, which can result in 
extinction o f local populations or sometimes entire species (Kruckeberg and Rabinowitz 
1985). A. califomica, a perennial herb, is a gypsophyle which was discovered by John 
Charles Fremont in 1844 near Las Vegas, Clark County, Nevada (Mistretta et al. 1996).
A. califomica has been reported to occur in the Las Vegas, Nevada area, on 
Quaternary alluvium, mostly on ancient gypsic playa remnants (Mistretta et al. 1996). In 
the Lake Mead National Recreation area, it is found on soil parent materials derived from 
gypsum beds o f the Moenkopi Formation (Longwell et al. 1965; Nelson and Welsh
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1993). In the Valley of Fire, the species occurs on Aztec sandstone (Longwell et al. 1965) 
and interestingly, the plant is also found on limestone parent materials in the lower Grand 
Canyon region, which are derived from the upper portions o f the Muav Formation or 
from other unnamed formations of Devonian age (Phillips and Phillips 1988). The 
geographic range o f the species encompasses the area south of the Temple Bar at Lake 
Mead to near the southern base o f the Virgin Mountains (36° OO'N to 36° 30'N latitude), 
and from lower Grand Canyon to Las Vegas Valley (113° 53'W to 115° 15'W longitude) 
(Mistretta et al. 1996).
Due to its existence in the Mojave Desert, sites with A. califomica are commonly hot 
and dry and with low and variable incident precipitation (Mistretta et al. 1996). To date, 
A. califomica is described as occurring on sparsely vegetated desert pavement and 
gravelly slopes; the species may aid in soil stabilization (Mistretta et al. 1996).
Previous work
Prior to this work, only two other researchers, Sheldon (1984) (work published as 
Thompson and Smith (1997)) and Meyer (1987) have closely examined the soil- 
landscape requirements of A. califomica. Meyer (1987) sampled Ml. califomica sites in 
the Lake Mead National Recreation Area and found that A. califomica appeared 
restricted to soils with high gypsum contents (36% and 69% at some sites). However, the 
methods used by Meyer (1987) only indirectly assess the presence o f gypsum; the 
methods do not specifically determine whether gypsum mineralogy is present. While A. 
califomica has often been found to be present on what are believed to be gypsum soils, a 
population in the lower Grand Canyon has been found to occur on limestone (Meyer
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1987). Meyer (1987) attributed the success of A. califomica in inhabiting gypsum soils to 
the spongy, finely textured, and crusted surface horizons that are formed on relatively 
barren, low-competition sites (Meyer, 1987). The soils were found to have low bulk 
densities and a heavy cover of cryptogams (Meyer 1987; Nelson 1989). Meyer (1987) 
hypothesized that gypsum soils usually form surface crusts, and thus are difficult habitats 
for other species to populate. With less plant cover to compete with, low bulk density and 
the higher potential for water-retention, A. califomica persists on gypsum soils unlike 
many other species (Meyer, 1986).
Thompson and Smith (1997) also found .4. califomica to exist on gypsum soils.
While their work concluded gypsum was present at their study sites, no appropriate 
method was provided to confirm gypsum’s presence. Therefore it is not possible to 
determine from their research whether^, califomica is limited to gypsum soils or 
whether the species can occur on wide variety o f soils. Soil analysis by Sheldon (1994) at 
one A. califomica site showed much higher levels o f sulfur (characteristic o f gypsum 
soils), calcium and soluble salts, and much lower levels of phosphorus and magnesium as 
compared to A. califomica unpopulated sites. Thompson and Smith also found that 
califomica dominated sites had thicker cryptogamie crusts, which were hypothesized to 
increase nutrient levels in the surface horizon of the soil (Harper and Pendleton 1993). 
Such crusts are also believed to influence surface water balance by holding rainwater in 
their porous soil structure, thus providing adequate water for plant growth (Thompson 
and Smith 1997).
There is much debate over the future o f A. califonica’s survival not only due to loss 
of habitat for the species, but also due to potentially unique life stage requirements o f the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
species. Recent rainfall patterns over the last 15 years, suggest a correlation between 
winter rains and population explosions across the Las Vegas Valley (Gayle Marrs-Smith 
(BLM, personal communication)). Yet Meyer (1987) suggests that A. califomica 
populations are persistent; cyclical fluctuations in actively growing A. califomica 
populations are due to short lifespan and unpredictable, insufficient winter rainfall which 
delays seed establishment. In contrast, Thompson and Smith (1997) observe that 
maximum mortality in A. califomica occurs in the seedling stage and they hypothesize 
that seedlings should be managed carefully so that plants, which survive to the 
reproductive stage, can replenish seed banks. Adults appear less sensitive to climatic 
change; the adult stage o f A. califomica has been found to be insensitive to year-to-year 
climatic fluctuations in arid environment (Meyer, 1987). Breeding studies have shown 
that A. califomica mainly depends upon insect pollinators for successfol reproduction, 
and in the last few years pollinators are believed to have declined (Mistretta et al. 1996). 
Because of the island-like distribution o f gypsum habitats, sites with local extinction 
sometimes remain unoccupied; a result o f low seed dispersion even though suitable 
habitats fbr^f. califomica may exist (Meyer, 1987). Recent genetic studies throughout the 
range of A. califomica have found that the species contains rare or unique genotypes o f  
unknown but potentially critical importance to the long-term survival of the species 
(Raiyne et al. 1991). It is also unknown if  any beneficial or harmful relationships exists 
with associated plant species.
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Associated vegetation with A. califomica
The vegetation associated with A. califomica consists o f a sparse population of plants 
that are believed to be other gypsum-tolerant species (Mistretta et al. 1996). These 
include Ephedra torreyana, Lepidium fremontii, Petalonyx parryi, Psorothamnus 
fremontii, Anulocaulis leiosolenus, Enceliopsis argophylla, Mentzelia pterosperma, 
Tiquilia latior, Eriogonum insigne, Phacelia palmeri, Phacelia pulchella, and 
Psathyrotes p i lifer Arctomecon (Mistretta et al. 1996). Cryptogamie crust cover has also 
been found to occur where A. califomica is found (Mistretta et al. 1996).
Significance o f the study
Populations o f A. califomica have declined in recent years due to urban development 
(Mistretta et al. 1996) in the primary habitat area for the species. Current and future 
potential threats and stressors include loss of habitat due to urbanization, habitat 
fragmentation, wild animal grazing, mineral exploration, highway development, off-road 
vehicle use, and desert recreation (Mistretta et al. 1996). Because o f the current trend of 
declining population numbers across the valley, A. califomica is listed as a critically 
endangered species in Nevada (Mistretta et al. 1996). Therefore, there is a need to better 
understand the habitat requirements o f A. califomica in order to avoid federally listing of 
the species under the Endangered Species Act. This research was undertaken to 
determine the soil physical, chemical and mineralogical characteristics o f A. califomica 
inhabited and uninhabited sites in an area o f high population density in the Tule Springs 
area of Las Vegas Valley.
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Research hypotheses and objectives
Efforts to protect A. califomica depend on understanding the habitat the species 
occurs in. Therefore, the objectives o f this study were to: (1) Characterize the physical 
and chemical properties of soils inhabited by and not inhabited by A. califomica', (2) 
Determine the extent o f influence o f surface characteristics on the species; (3) and 
determine whether sulfur or sulfate was predominant at the habitat locations (and if this 
was gypsum). I hypothesize that there is no difference in the physical, chemical and 
surface characteristics o f soils between A. califomica populated and unpopulated sites. In 
addition, I also hypothesize that there is no difference in soil sulfur and total soluble 
sulfate levels between A. califomica populated and unpopulated sites and that the species 
is not restricted to gypsum soils.
Results from this research are important to aiding efforts to conserve A. califomica 
populations and prevent the species from becoming extinct. Past studies by Thompson 
and Smith (1997) and Sheldon (1994) suggest that A. califomica is associated with high 
sulfur soils derived from gypsum. However in their work, no appropriate method was 
given to verify the presence o f gypsum on their study sites. Past research has also not 
adequately addressed surficial characteristic requirements for^4. califomica.
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CHAPTER 2 
METHODOLOGY
Study Location
Field sampling o f soils occurred near the Tule Springs area (Bureau o f Land 
Management (BLM lands)) in North Las Vegas, Nevada (Figure 1.1). In the past 2000 
years intense changes in climate at the study location have dropped water tables and 
increased eolian deposition resulting in a deeply eroded badland area comprised of 
alluvial silt, sand and gravel (Shutler, 1967). A proportion o f the area is also covered by a 
resistant calcareous bed derived from Paleozoic limestone (Shutler, 1967). Gravels, at the 
site, are mainly composed of limestone, and finer grains made of calcite, quartz and clay 
minerals (Shutler, 1967).
The study area experiences seasonal extremes o f temperature and precipitation. 
Average temperatures range from 'l'^  C to 49  ^C and average precipitation in the area is 
11.40 cm annually. However, there is a large yearly fluctuation ranging from 2.0 -17.5  
cm (National Weather Service, 2005). Prior to sampling for this study, wetter than normal 
conditions over an extended period of time occurred in the study location. Approximately 
6.2 cm rain fell just in the month o f February, 2005 which was one o f the wettest reported 
months on record in the valley (National Weather Service, 2005). Records of 
precipitation were set for the Mojave Desert and Lower Great Basin regions. Rain was 
recorded in Las Vegas for 10 consecutive days, which replaced the old record o f 9 days
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that occurred 3 previous times (National Weather Service, 2005). 2005 was ranked as the 
6*'’ wettest year on record; 25.88 cm rain fell from July 2004 - April 2005 at 
Las Vegas, McCarran International Airport (NV Station number: KLAS 282256Z 
24006KT Location: 36-04-44N 115-09-19W 636M) as compared to average annual 
precipitation o f 11.4 cm (National Weather Service, 2005).
Seven sites were chosen in North Las Vegas in conjunction with the Bureau o f Land 
Management. BLM personnel initially located general locations where the species was 
known to occur and not to occur. Habitat areas (populated and unpopulated A. califomica 
sites) were examined in the field by excavation o f shallow holes to 40 cm. Areas that 
appeared like they could support A. califomica, but did not have the species present at 
sampling, were chosen as unpopulated sites. Within each representative site, soils were 
again examined by excavation and a representative pedon that typified the modal concept 
for the habitat’s soil was chosen for excavation to 100 cm. Within each site, four 
additional holes were excavated to 40 cm in order to characterize the within site 
variability. Sites 1 through 3 represent A. califomica unpopulated sites and sites 4 
through 7 represent populated sites (Figure 1.1).
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Figure 1.1 North Las Vegas map showing A. califomica unpopulated 
sites (1 -3 )  and populated sites (4 - 7)
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Characterize the physical and chemical properties of soils populated and unpopulated by 
A. califomica
The goal of this task was to determine if parent material differences result in different 
physical, chemical and mineralogical properties in soils between study sites. This 
analysis was completed by analyzing the surface and subsurface soil physical and 
chemical data within each site.
Field Sampling'. Soils were described and sampled according to Schoeneberger et al. 
(1998). One pit per site was excavated, described and sampled (by genetic horizon) to 
100 cm or bedrock/pan (if shallower). In addition, 4 satellite holes were also excavated 
to 40 cm within each study site. Soil color was determined using a Munsell Color Chart. 
Particle size analysis on each horizon was assessed via the hydrometer method o f Gee 
and Bander ( 1986). Slope was measured by a clinometer and aspect was measured by a 
compass. Bulk density was determined by the ring method (Klute 1986).
Soil Chemistry: Soil samples were analyzed for concentrations o f different elements, 
phosphorus (P), calcium (Ca), magnesium (Mg), potassium (K), sodium (Na), boron (B), 
sulfur (S), chloride (Cl), cation exchange capacity (CEC), total carbon (C) and nitrogen 
(N), total soluble sulfate (SO4), calcium carbonate equivalent (CCE), and pH (H2O and 
CaCb).
Soil analyses for total soluble SO4, Ca, Mg, Na, B and Cl were completed via the 
saturated paste method (Gavlak et al, 1994). Total C and N were measured by dry 
combustion (Exeter Model 440) and total S was measured by the ion chromatographic
10
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method (Gavlak et al, 1994). Organic C was obtained by loss on ignition (Klute 1986). 
CCE was determined by the manometer method (Gavlak et al, 1994). Soil pH was 
measured with a glass electrode pH meter in H^O and 0.01 M CaCl] (Soil Survey 
Laboratory Mehods Manual, 1996). CEC was measured in a saturated soil paste (Gavlak 
et al, 1994) and cations analyzed by inductively coupled plasma-mass spectrometry. 
Available P was determined by colorimetric method using 0.5 M sodium bicarbonate. 
Perkin-Elmer Model 5000 atomic absorption spectrophotometer was used for 
determining individual P ion concentrations (Olsen, 1982). Powder x-ray diffraction 
(XRD), in order to determine the presence o f gypsum, was completed on soil samples 
from the soil pits only, using PANalytical X'Pert PRO X-ray Diffraction Spectrometer. 
XRD Scan speed standard from 6.0044 - 75.9764 °2Theta, at 25 ° C. CuK - a radiation 
with a scan speed o f 1 °2 theta every 25.765 sec.
Surface characteristics across study sites
To complete this objective, surface samples less than 4 cm depth, from each study site 
were collected. Field surficial data on soil color, soil texture, bulk density, and surface 
stoniness, presence/absence o f vesicular horizons, aggregate stability and crust thickness, 
was determined.
Soil physical and chemical analysis was made by the same methods as described in 
the previous objecive. Soil aggregate stability o f the soils was measured with the 
aggregate stability field  kit (Herrick et al, 2001). Penetrometer measures were taken on 
surface crusts along a line transect with an International pocket pentrometer model 29 - 
3729 in order to assess crust strength (kg cm' )^. Percent rock fragment cover and
1 1
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lithology were determined by calibrated digital photography in Camoy’s digital image 
measurement software.
All data variables were assessed for normality before any statistical analysis. Soil 
physical and chemical analyses and soil surficial characteristics were compared using t- 
tests to determine if  there were significant differences between A. califomica populated 
and unpopulated sites. Penetrometer and clast data results were compared by using t-tests, 
to determine if  significant differences existed in surficial characteristics between A. 
califomica populated and unpopulated sites. Aggregate stability data was compared with 
a chi-square analysis. All statistical analyses were made using the Minitab (version 
14.20) statistical software package.
Soil chemical concentrations of Ca, Mg, K, Na, B, S, Cl, CEC, and total soluble SO4 
were completed at the Utah State University Analytical Laboratory (USUAL). Soil 
analysis for bulk density, particle size, pH, concentrations o f P, CCE, total C and N and 
XRD were completed at the UNLV Pedology Laboratory, Geoscience department. 
University o f Nevada, Las Vegas.
12
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CHAPTER 3 
RESULTS
Physical properties, soil chemistry and surficial characteristics of study sites 
SITE 1
This site is unpopulated hyA. califomica. Other shrubs present include L. tridcntatc 
and E. ncvadcnsisi. Approximately 60 % of the soil surface is covered with limestone 
pebbles. The remaining 40 % of the surface area is comprised o f bare soil with a mineral 
crust.
Pit description: The soil profile had a distinct A horizon. The soil was light brown (7.5 
YR 7/4) in color till the depth of 26 cm and then the color gradually darkened. B horizons 
were found to have silt or clay bridging (Bt) between soil grains. After the depth of 38 
cm, the soil was pedogenically cemented with calcium carbonate (Bkm). The soil texture 
ranged from sandy loam (sand 62.3 %, silt 18.8 %, clay 18.8 %) at the surface horizon (0 
- 4 cm) to clay at the depth o f 26 - 38 cm, as clay increased from 18.8 % at surface to 
57.1 % (26 - 38 cm) (Table A .l). The A horizon was found to have platy structure; the 
remaining underlying horizons had subangular blocky structure with friable consistency. 
The roots were found to be very fine to fine in size throughout the pit. Dendritic tubular 
pores were also found in B horizons. The CEC o f A horizon was 6.4 meq 100 g ' with an 
increase in deeper horizons; 10.4 meq 100 g"' below 11 cm depth. The surface bulk 
density was 1.18 g cm'  ^with a gradual decrease in deeper horizons; 1.05 g cm'^  at 26 - 38
13
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cm depth. Bulk density was high (2.06 g cm' )^ near the pan. Soil was found to be 
violently effervescent throughout the pit. (Table A .l)
Soil chemical analyses of the pit showed higher soil sulfur levels and total soluble 
SO4 concentrations with depth, which ranged from 13.41 - 42.18 mg kg ' and 5.38 - 7.31 
mg kg ' respectively. Total percent carbon and nitrogen levels also increased in deeper 
horizons ranging from 4.31 - 8.00 % (C) and 0.01 - 0.07 % (N) respectively. In contrast, 
soil phosphorus and potassium levels decreased with increased depth. An increase in soil 
pH was observed with depth; 7.93 at surface to 8.23 at depth of 38 cm. (Table 3.1)
14
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Horizon No. SO4-S Cl Ca Mg Na K B S pH P %C %N
H2O CaCl2
--m g k g -1------ --------mg L-1
A 1 5.38 27.50 16.62 11.99 31.59 23.25 0.34 13.41 8.58 7.93 2.09 5.05 0.06
Bt 2 3.12 16.90 7.01 6.37 116.20 37.17 2.53 43.15 8.87 8.15 0.44 6.06 0.07
Btk 3 7.31 19.70 60.42 19.60 21.58 11.88 0.20 42.18 9.14 8.27 * 8.18 0.07
Btk2 4 206.00 13.80 43.07 24.11 23.99 4.31 0.22 8.53 8.40 8.18 0.11 8.00 0.01
Bkm 5 ~ ~ ~ 8.56 8.23 *
Satl
A 0-6 9.94 16.60 25.36 10.22 15.67 13.00 0.17 3.53 8.46 7.91 2.20 4.53 0.01
Bt 6-14 5.78 14.00 15.61 11.08 21.28 23.87 0.21 4.68 9.00 8.27 0.82 4.86 0.06
Btk 14-50 6.72 12.00 34.52 24.15 49.49 24.80 0.39 21.42 9.18 8.26 0.37 4.76 0.05
Btk2 52-70 219.00 65.00 13.64 14.56 36.77 19.84 0.31 6.38 9.19 8.48 0.90 5.48 0.04
Sat2
A 0-4 4.89 14.20 399.40 226.50 116.50 117.60 6.02 707.90 8.66 8.07 1.74 5.04 0.06
Bt 4-11 221.00 8.30 16.31 9.37 27.71 15.75 0.27 9.75 8.95 8.17 2.61 4.70 0.04
Btkm 11-21 5.52 10.10 495.70 135.90 28.67 39.79 0.35 618.50 9.26 8.22 1.13 4.57 0.04
Sat3
A 0-4 16.40 45.70 9.68 < < < 0.22 12.20 8.84 8.12 2.26 5.58 0.05
Bt 4-9 6.08 12.80 31.92 12.81 22.01 8.93 0.25 14.60 8.96 8.17 3.83 5.72 0.05
Btk 9-23 26.00 13.40 35.94 23.94 27.90 12.93 0.19 51.55 8.62 8.20 1.79 8.25 0.06
Btk2 23-36 485.00 17.20 40.16 17.01 24.27 7.06 0.22 15.83 8.04 8.15 1.60 7.22 0.05
Bkm 36— ~ ~ ~ ~
Sat4
A 0-2 43.80 21.60 569.20 134.00 38.17 27.59 0.26 596.40 8.66 7.85 3.73 4.31 0.04
Bt 2-7 3.52 11.80 36.82 12.42 14.44 9.32 0.11 9.75 8.83 7.93 3.02 4.87 0.04
Btk 7-28 17.80 14.50 61.54 35.16 33.17 25.30 0.17 91.90 8.55 7.89 1.03 6.71 0.09
Btk2 28— 975.00 12.90 171.50 22.09 15.09 14.00 0.69 195.40 7.98 7.90 0.86 5.61 0.06
Utm Coordinates
Satl 665537 4017533
Sat2 665494 4017476
Sat3 665557 4017620
Sat4 665529 4017571
Table 3.1 Results showing soil chemical properties for Site 1, unoccupied by A. 
califomica.
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SITE 2
This site is also unpopulated by A. califomica. Other perennial shrubs such as E. 
torreyana and L. fremontii were present on the location. The average clast cover was 
approximately 42 % comprising of limestone pebbles and gypsum remnants. The 
remaining 58 % of the surface area is comprised of bare soil with a mineral crust.
Pit description: The A horizon was light brown (7.5 YR 7/3) in color while underlying B 
horizons were dark brown in color (10 YR 7/3). Pararock fragments at depth of 4 -1 0  cm 
were found to have silt or clay coatings. Approximately 30 - 40 % o f detrital carbonate 
was also observed at the depth (4 -1 0  cm) in the form of pan fragments. The A horizon 
has a well developed vesicular pore structure with carbonate fragments. Soil was 
pedogenically cemented with calcium carbonate after 29 cm depth. The soil texture 
ranged from sandy loam (sand 68.0 %, silt 14.4 %, clay 17.5 %) at the surface horizon (0 
- 4 cm) to clay loam (sand 35.3 %, silt 34.6 %, clay 30.2 %) below the depth o f 29 cm 
(Table A.2). The A horizon had fine, weak, granular structure; the remaining underlying 
horizons had weak, subangular blocky structure with coarse to fine grains. Roots were 
found to be very fine in size throughout the soil profile. The A horizon had medium 
vesicular pores, while underlying horizons had very fine vesicular pores. The CEC of A 
horizon was 7.2 meq 100 g ' with a slight increase in deeper horizons; 8.0 meq 100 g ' 
below 10 cm depth. The surface bulk density was 0.84 g cm’^  which increased in deeper 
horizons; 1.96 g cm'  ^below 29 cm depth. The soil was violently effervescent throughout 
the pit. (Table A.2)
Soil chemical analyses o f the pit showed higher soil sulfur and total soluble SO4 
concentrations on the surface; 13.46 mg kg ' and 27.1 mg kg ', which decreased with
16
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increase in depth. Total percent carbon and nitrogen levels also increased in deeper 
horizons ranging from 4.20 - 6.94 % (C) and 0.04 - 0.06 % (N) respectively. In contrast, 
soil phosphorus and potassium levels decreased with increased depth. Soil pH increased 
slightly with depth; 7.61 at surface to 8.10 at depth o f 29 cm. (Table 3.2)
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Horizon1 No. SO4-S Cl Ca Mg Na K B S pH 
H2O CaCl2
P %C %N
—-mg kg - 1-— -mg L-1
A 1 27.1 18.7 9.183 9.57 50.02 26.57 0.48 13.46 838 7.61 3.04 4.20 0.04
Bw 2 2.82 13.8 9.142 3.162 6.431 4.382 0.11 3.11 8.67 7.97 2.63 4.72 0.04
Bky 3 8.58 26.1 18.21 11.79 22.50 15.43 0.22 7.82 8.84 8.10 1.03 5.23 0.06
Bkym 4 13.1 12.6 37.96 15.8 40.15 9.13 0.3 27.57 9.24 7.74 0.73 6.94 0.05
Satl
A 0-5 17.5 38 16.6 9.7 29.7 14.21 0.18 5.35 8.61 7.88 2.90 4.53 0.05
Bw 5-10 8.16 12.2 19.34 7.66 16.49 10.89 0.2 5.97 8.58 7.61 1.78 4.63 0.04
Bky 10-26 9.95 11.2 14.18 6.3 13.78 12.70 0.24 5.42 8.95 8.23 1.35 7.40 0.06
Bkym 26-40 ~ ~
Sat2
A 0-4 12.7 15 38.76 15.00 20.15 12.41 0.23 11.93 8.61 7.78 2.30 4.82 0.05
Bw 4-9 8.34 11.3 19.22 7.9 14.39 11.03 0.2 4.12 838 7.87 0.46 4.22 0.04
Bky 9-28 215 16.6 11.07 5.98 106.4 22.79 0.83 33.61 8.82 7.97 1.03 5.93 0.06
Bkym 28-44 23.7 4.2 41.87 20.23 38.45 13.65 0.46 37.64 9.30 7.98 1.49 6.96 0.05
Sat3
A 0-4 5.32 16.4 20.11 7.2 27.59 7.23 0.29 11.59 8.64 7.96 3.45 5.62 0.05
Bw 4-7 5.83 8.95 7.94 2.70 5.19 0.04
Bky 7-27 11.8 11.7 14.68 8.06 15.40 12.93 0.19 6.78 8.94 8.01 1.04 6.57 0.06
Bkym 27-40 ~
Sat4
A 0-3 4.12 9.8 465.5 160.3 128.9 1233 14.15 703.9 8.58 7.92 2.62 4.67 0.05
Bw 3-7 4.51 50.4 35.65 9.65 24.09 12.66 0.21 7.63 8.80 7.99 2.90 4.42 0.04
Bky 7-23 16.3 13.7 17.76 8.56 22.53 12.50 0.21 5.16 8.70 7.86 0.72 5.95 0.06
Bkym 23-40 ~ ~
Utm Coordinates
Satl 664958 4018683
Sat2 664935 4018661
Sat3 664917 4018691
Sat4 664955 4018716
Table 3.2 Results showing soil chemical properties for Site 2, unoccupied by A. 
californica.
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SITE 3
This site is unpopulated by^L californica. The average clast cover was approximately 
62 % comprising mainly of limestone pebbles and some gypsic remnants. The remaining 
38 % of the surface area is comprised of bare soil with a mineral crust.
Pit description: Soil was dark brown (lOYR 6/3) in color throughout the profile. 
Approximately < 5 % distinct silt bridges were observed between the grains, at the depth 
o f 4 -10 cm. Carbonate was also observed between the pores, grains and root channels 
throughout the profile. At a depth o f 23 - 41 cm, approximately 35 % of horizon was 
found to be gypsic, with the presence of stage 1 gypsum snowballs. XRD results 
confirmed the presence o f gypsum at this site. The A horizon had a moderate platy 
structure; the remaining underlying horizons had weak subangular blocky structure. The 
soil texture ranged from sandy loam (sand 68.6 %, silt 13.8 %, clay 17.6 %) at the surface 
horizon (0 - 4  cm) to clay (sand 16.5 %, silt 27.4 %, clay 56.1 %) at the depth of 23 - 41 
cm (Table A.3). Roots were found to be very fine to fine throughout the pit. Horizons 
were found to have medium, very fine pores throughout the soil profile. The CEC of the 
A horizon was 5.5 meq 100 g ' with a slight decrease in deeper horizons; 4.3 meq 100 g'* 
below 23 cm depth. The surface bulk density was 1.17 g cm'  ^which increased a little in 
deeper horizons; 1.21 g cm'  ^at 23 - 41 cm depth. Soil was found to be violently 
effervescent throughout the pit. (Table A.3)
A very high concentration (429 - 890 mg kg ') o f total soluble SO4 was observed 
below the depth of 10 cm. Sulfur levels decreased a little from surface horizon (45.77 mg 
kg ') till depth o f 23 cm (8.3 mg kg '), after which sulfur levels increased drastically 
(532.1 mg kg '). Total percentage carbon and nitrogen levels also increased with
19
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increased depth ranging from 4.62 - 9.37 % (C) and 0.06 - 0.08 % (N) respectively. Soil 
phosphorus levels decreased with increased depth while potassium levels increased a 
little with depth. Soil pH increased with depth; 8.07 at surface to 8.37 at depth of 23 cm. 
(Table 3.3).
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Horizon No. SO4-S Cl Ca Mg Na K B S pH P %C %N
___________________________________________________________H2O CaCl2_______________
—mg kg -1 mg L-1
A 1 6.72 22 47.91 11.16 15.99 3.178 0.24 45.77 8.54 8.07 4.08 4.62 0.06
Bw 2 6.58 12.8 31.87 11.24 16.32 7.226 0.18 12.86 9.03 8.33 2.31 5.28 0.06
Bkyl 3 429 12 18.73 10.75 18.22 7.582 0.22 8.3 8.97 8.37 3.36 7.91 0.08
Bky2 4 890 16.5 485.3 98.19 63.65 97.01 4.89 532.1 8.21 8.18 3.94 9.37 0.07
Bkym 5 9.95 8.26 8.27
Satl
A 0-4 5.26 19 328.3 204.5 368 224.5 24.79 812 8.58 8.03 2.71 5.29 0.07
Bw 4-9 20.7 13 45.97 15.95 31.67 18.66 0.51 19.93 8.91 5.59 7.13 0.07
Bkyl 9-23 355 11.6 69.68 35.46 32.82 30.94 0.46 87.96 8.75 8.26 1.44 9.37 0.07
Bky2 23-38 3.26 111 9.94 6.28 112.6 28T8 3.53 38.34 8.35 8.27 1.11 &63 0.07
Bkym 38-40
Satl
A 0-4 1.47 15.4 68.93 23.68 43.05 15.81 0.41 18.95 8.53 8.01 5.17 4.77 0.06
Bw 4-10 3.42 12 32.18 16.14 26.71 15.45 0.25 7.08 8jW 2.08 5.66 0.07
Bkyl 10-24 3Z2 12 23.05 22.90 25.28 24.21 0.33 4.98 8.90 8 2 9 0.19 7.54 0.07
Bky2 24-44 18.1 42 16.76 34.49 12.73 0.31 14.94 9.21 8.61 0.86 8.03 0.06
Bkym 44— ~ ~
Sat3
A 0-3 6.3 54 41.43 17.51 31.35 13.4 0.38 20.73 8.62 8.00 2.40 4.71 0.06
Bw 3-10 2.27 20.5 61.72 21.22 28.16 20.26 0.32 11.20 8.64 8.06 3.88 4.47 0.05
Bky 10-27 2.25 11.6 20.86 10.98 16.94 8.999 0.18 5.18 8.76 8.31 1.19 6J2 0.07
Bkym 17— ~ ~ ~
Sat4
A 0-3 7.61 2 1 8 18.38 15.06 180.3 61.84 4.47 0.23 8.56 7.95 3.89 4.64 0.05
Bw 3-10 3.77 25.7 21.84 11.76 28.07 11.53 0.21 10.11 8T8 8.18 4.48 5.17 0.06
Bkyl 10-24 9.42 14.6 13.48 8.969 46.30 32.19 2.27 20.66 9.00 8.31 2.02 7.65 0.06
Bky2 24-39 83.3 84.3 28.12 11.56 24.81 9.44 0.28 7.24 8 j # 8.43 0.94 8.75 0.06
Bkym 39— ~
Utm Coordinates
Satl 665656 4018188
Sat2 665680 4018248
Sat3 665574 4018232
Sat4 665589 4018268
Table 3.3 Results showing soil chemical properties for Site 3, unoccupied by^L 
californica.
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SITE 4
This site was dominantly populated by 4. californica. Few other shrubs present 
include L. tridentate and E. torreyana. The average clast cover was approximately 82 % 
comprising of limestone and gypsic remnants. The remaining 18 % of the surface area 
was covered with a weak mineral crust. Pavement covered about 80 % of the soil surface 
but was not tight at all places.
Pit description: The pit was very shallow with depth of only 15 cm, after which it was 
pedogenically cemented by calcium carbonate. Soil (dry) was dark brown (lOYR 6/4) 
in color throughout the profile. The A horizon was structure less comprising of very 
fine gravels. The B horizons had coarse grains with weak subangular blocky structure. 
The soil texture ranged from sandy loam (sand 69.0 %, silt 12.4 %, clay 18.6 %) at the 
surface horizon (0 - 5  cm) to loam (sand 37.7 %, silt 37.7 %, clay 24.6 %) below 10 
cm depth (Table A.4). Roots were mostly fine throughout the soil profile. Pit horizons 
were found to have very fine to fine dendritic tubular pores throughout the profile. The 
CEC o f A horizon was 6.3 meq lOOg ' with an increase in deeper horizons; 10.0 meq 
lOOg ' below 10 cm depth. The surface bulk density was 1.26 g cm'  ^which 
significantly decreased in deeper horizons; 0.90 g cm'  ^at 15 cm depth. Soil was 
violently effervescent throughout the pit. (Table A.4)
A very low concentration (mean = 3.6 mg kg ') o f total soluble SO4 and moderate soil 
sulfur levels (mean = 16.66 mg kg ') (Table 3.4) was observed throughout the pit. Total 
percentage carbon and nitrogen levels also increased with increased depth ranging from 
4.68 - 6.29 % (C) and 0.05 - 0.07 % (N) respectively. Soil phosphorus levels decreased
22
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with increased depth while potassium levels increased a little with depth. The mean pH 
value of the pit was 8.04. (Table 3.4)
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Horizon No. SO4-S Cl Ca Mg Na K B S pH P %C %N
H2O CaCh
—-mg kg -1----- -mg L- 1
A 1 3.76 17.4 30.81 15.28 35.13 10.73 0.55 10.68 8.56 8.03 0.17 4.68 0.05
Bk 2 3.61 17.3 20.15 12.11 33.15 11.50 0.28 9.8 8.69 8.08 0.08 5.66 0.07
Bk2 3 3.45 14.4 26.43 24.97 25.33 15.88 0.3 29.33 8.48 8.01 0.08 6.29 0.07
Bkm 4
Satl
A 0-3 2.81 42.8 17.31 8.618 26 8.73 0.22 5.28 8.43 7.96 0.18 4.76 0.04
Bk 3-9 2.26 16 15.53 7.91 25.93 8.52 0.23 5.51 8.67 8.06 0.08 6.28 0.05
Bk2 9-11 1.77 15.5 19.07 10.17 33.26 14.83 0.21 8.02 8.78 8.09 0.03 5.59 0.06
Bkm 11-13 -  - -  - -  - -  - -  - -  - -
Sat2
A 0-5 13.3 ~  7.63 2.35 12.69 2.51 0.11 3.34 8.32 7.85 0.17 5.04 0.05
Bk 5-10 10.2 - - - - - - -  8.48 8.02 0.12 6.74 0.06
Bkm 10— -  - -  - -  - -  - -  - -  - -
Sat3
A 0-5 12.6 - - - - - - -  8.42 7.90 0.16 4.46 0.05
Bk 5-9 13.5 46.1 - - - - - -  8.63 8.19 0.09 6.39 0.06
Bkm 9 -
Sat4
A 0-3 15.4 40.7 36.39 14.54 38.68 9.7 0.39 18.2 8.38 7.87 0.16 4.35 0.04
Bk 3-7 11.9 15.2 21.52 9.97 27.23 8.65 0.27 6.78 8.61 8.00 0.19 4.67 0.04
Bk2 7-13 11 39.4 20 9.853 36.56 10.68 0.28 8.44 8.51 8.00 0.02 5.14 0.06
Bkm 1 3 -
Utm Coordinates
Satl 666195 4019372
Sat2 666178 4019388
Sat3 666159 4019398
Sat4 666245 4019411
Table 3.4 Results showing soil chemical properties for Site 4, occupied hy A. californica.
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SITES
This site was sparsely vegetated and was dominantly populated by A. californica. The 
average clast cover was approximately 92 % comprising of limestone clasts, some gypsic 
remnants and rock fragments mainly from the pan. The remaining 8 % of the surface area 
was bare soil with a mineral crust.
Pit description: The soil pit was 44 cm deep below which soft bedrock can be seen. The 
soil (dry) was light brown (7.5YR 7/3) in color throughout the profile. Upper 30 cm of  
the soil profile had a strong vesicular structure with silt coverings on the rock fragments. 
Approximately 50 - 60 % of detrital carbonate material (petrocalcic fragments) was 
observed till the depth o f 30 cm. Approximately less than 5 % of stage 1 gypsum 
snowballs were also observed at the depth o f 30 - 44 cm. XRD results confirmed the 
presence o f gypsum at this site. The A horizon was found to have a weak platy structure 
with fine soil grains. B horizons had a weak subangular blocky structure. The soil texture 
ranged from loam (sand 43.8 %, silt 31.9 %, clay 24.3 %) at the surface horizon (0 -1 0  
cm) to clay (sand 22.0 %, silt 35.8 %, clay 42.1 %) at the depth of 30 - 44 cm as clay 
percentage increased in deeper horizons (Table A. 5). Roots were found to be fine to 
medium in size throughout the pit. Very fine pores were observed throughout the soil 
profile. The CEC of A horizon was 5.4 meq lOOg ’ with a very slight decrease in deeper 
horizons; 4.8 meq 1 OOg ' below 30 cm depth. The surface bulk density was 1.56 g cm'  ^
which decreased in underlying horizons; 0.48 g cm'  ^at 30 - 44 cm depth. Soil was found 
to be violently effervescent throughout the profile. (Table A.5)
A moderate concentration o f total soluble SO4 (21.2 mg kg') and soil sulfur (21.5 mg 
kg ') was observed till the depth o f 30 cm. However a sharp increase in total soluble
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sulfate ions (793 mg kg ') and soil sulfiir content (933.2 mg L'') was observed at 30 - 44 
cm depth. Total percentage carbon levels decreased slightly with increased depth but total 
percentage nitrogen was similar throughout the soil profile. Soil phosphorus levels 
decreased with increased depth while potassium levels increased a lot with depth (from 
5.63 mg L"' at surface to 137.3 mg u ' at 30 - 44 cm depth). Soil pH increased with depth; 
7.82 at surface to 8.10 at depth of 30 cm. (Table 3.5)
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Horizon No. SO4-S Cl Ca Mg Na K B S pH p %C %N
H ,0  CaCl,
— -m g kg -1-- - -m g  L-1
A 1 14.2 15.8 28.60 14.67 31.61 5.634 0.26 11.34 8.67 7.82 0.28 7.68 0.08
Btk 2 2&2 11.7 23.20 20.32 20.38 19.03 111 31.67 8.77 7.90 0.07 7.27 0.07
Btk2
C
3
4
793 14.8 518.6 216.7 149.9 137.3 19.69 933.2 8.16 8.10 0.12 7.24 0.09
Satl
A 0-7 14.7 13.7 38.64 16.10 27.05 15.93 0.44 13.64 8.77 7.91 0.46 6.11 0.07
By 7-23 15.1 13.9 18.66 12.24 16.64 9.703 0.52 7.66 8T 8 7.94 0.14 8.16 0.09
Sat2
A 0-7 19.2 11.6 31.80 15.85 14.30 7.855 0.26 16.49 8.81 7.98 0.21 6.37 0.10
By 7-24 14.6 11.9 14.95 11.76 20.3 11.39 0.6 7.82 8.73 8.10 0.06 6.60 0.09
Sat3
A 0-6 19.5 213 32.17 15.26 27.96 11.84 0.28 22.81 8 89 8.04 0.37 5.59 0.10
By 6-32 24.5 13.5 15.18 9.21 27.49 12.04 0.56 14.27 8.72 8.01 0.05 &22 0.17
Sat4
A 0-5 27.4 12.5 30.65 15.24 23.18 13.38 0.88 31.28 8.79 7.94 0.50 6.81 0.06
By 5-32 526 16.1 492.1 127.7 39.52 41.11 2.313 619.9 7.90 7.91 0.07 8.01 0.05
Utm Coordinates
Satl 666032 4018686
Sat2 666055 4018694
Sat3 666012 4018646
Sat4 666094 4018614
Table 3.5 Results showing soil chemical properties for Site 5, occupied by A. californica.
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SITE 6
This site was dominantly populated by A. californica. The clast cover was 
approximately 91 % comprising of limestone clasts, gypsic remnants and rock fragments 
mainly from the pan. The remaining 9 % o f the surface area was bare soil with a mineral 
crust.
Pit description: The soil profile was well developed with a depth of 100 cm. The soil was 
dark brown (lOYR 5/4) in color throughout the profile. A distinct A horizon was present, 
below which a weak B horizon underlain with other well developed B horizons were 
observed. Silt/clay skins were observed around the rock fragments below the depth o f 14 
cm, which were found to be large and more abundant at the depth of 67 cm. Stage 1 
gypsum snowballs were also observed below 6 cm depth. An increase in concentration 
(from 1 % at 6 cm depth to 50 % at 67 cm depth) o f gypsum snowballs was observed in 
deeper horizons o f the pit. XRD results confirmed the presence of gypsum at this site.
The A horizon was almost structure less with the presence o f very fine grains. B horizons 
had medium to coarse grains with subangular blocky structure. Soil texture was loam 
throughout the pit, except at the depth of 14 - 40 cm where soil texture was sandy loam 
(sand 53.0 %, silt 35.8 %, clay 11.2 %) (Table A.6). Roots were found to be fine to very 
fine throughout the pit. Very fine to fine void pores were also observed throughout the 
soil profile. The CEC of A horizon was 7.0 meq lOOg ' which decreased gradually with 
depth; 3.0 meq lOOg ' below 40 cm depth. The surface bulk density was 1.35 g cm'^  
which decreased with increased depth; 0.94 g cm'  ^at 40 -  67 cm depth. Soil was found to 
be strongly effervescent till 14 cm depth, after which it was slightly effervescent. (Table 
716)
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Soil sulfur levels and total soluble SO4 in the pit increased with depth. A high 
concentration of sulfur levels (479.8 mg L‘‘) and total soluble sulfate (523.00 mg kg ') 
was observed till the depth of 40 cm. Remaining deeper horizons had higher values 
(Table 3.6). Total percentage carbon levels decreased slightly with increased depth and 
total percentage nitrogen increased with depth. Soil phosphorus levels were similar 
throughout the soil profile while potassium levels increased sharply with depth (from 
16.21 mg L ' at surface to 168.5 mg L ' at 6 7 -  100 cm depth). Soil pH increased with 
depth; 7.87 at surface to 8.16 at depth o f 67 cm. (Table 3.6)
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Horizon No. SO4-S Cl Ca Mg Na K B S pH P %C %N
H2O CaCL
- -mg kg -1----- -mg L-1
A 1 48.3 43.9 208.7 43.17 28.37 16.21 0.42 220 8.22 7.87 0.17 4.46 0.16
Bw 2 211 13.5 511.3 80.72 24.72 29.27 0.3 479.8 8.02 7.96 0.12 5.02 0.18
By 3 523 12.7 543.7 27.12 20.72 21.49 0.34 4634 8.08 7.99 0.06 2.79 0.16
By2 4 340 59.7 ~ ~ 8.23 8.09 0.13 333 0.32
By3 5 403 71 526.1 254.3 105.0 168.5 1.29 718.9 8J # 8.16 0.20 198 0.29
Satl
A 0-5 487 15.3 567.7 42 25.43 22.35 0.45 527.2 7.87 7.83 0.12 4.53 0.81
Bw 5-12 732 15 1036 26.45 36.05 63.97 0.73 833.4 8.03 7.94 0.11 1.60 0.26
By 12-40 684 47.9 331.5 35.45 37.28 121.3 1.24 352.9 8J 8 8.06 0.04 1.65 0.56
Satl
A 0-5 498 39.5 ~ 7.67 7.62 0.04 3.64 0.39
Bw 5-14 479 15.8 1167 37.67 48.91 80.43 0.88 1068 8.04 8.00 0.02 3.21 0.82
By 14-40 668 11.8 1113 80.43 50.44 94.38 1.12 1541 8.09 8.06 0.07 3.77 1.15
Sat3
A 0-7 587 35.2 23.7 0.56 14.33 30.84 0.32 101.6 7.92 7.86 0.18 4.80 1.24
Bw 7-15 697 10.3 0.28 13.96 29.78 0.27 49.71 7.98 7.90 0.11 3.92 1.65
By 15-40 808 35.9 ~ — 8.29 8.21 0.02 3 98 0.51
Sat4
A 0-6 583 37.4 5.73 < 9.51 21.9 0.16 20.3 7.80 7.75 0.13 4.78 1.39
Bw 6-14 776 9.2 4.87 < 7.01 17.3 0.13 14.3 8.21 8.17 0.03 4.20 0.63
By 14-40 653 38.4 436 22.44 30.25 15.99 0.22 403.5 833 &28 0.05 5.42 0.88
Utm Coordinates
Satl 667007 4018212
Sat2 667088 4018165
Sat3 667059 4018205
Sat4 667034 4018171
Table 3.6 Results showing soil chemical properties for Site 6, occupied byJL californica.
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SITE?
This site is dominantly populated by A. californica with the presence of few other 
shrubs which include L. tridentate, E. nevadensisi and E. torreyana. The clast cover was 
approximately 80 % comprised mostly of limestone clasts and pan fragments (about 75 
%). The remaining 20 % of the surface area was bare soil with a mineral crust.
Pit description: The pit was quite shallow with depth o f only 13 cm, below which it was 
pedogenically cemented by calcium carbonate (Bkm). Soil (dry) was dark brown (lOYR 
6/3) in color throughout the profile. The A horizon was found to have moderate platy 
structure with medium grains. The B horizons had medium grains with weak subangular 
blocky structure. The pit possibly had silica concentrations around pararock fragments; at 
the depth of 13 cm. The soil texture ranged from loam (sand 42.1 %, silt 42.8 %, clay 
15.1 %) at the surface horizon (0 - 4  cm) to silt loam (sand 18.8 %, silt 58.5 %, clay 22.7 
%) at the depth o f 4 - 13 cm (Table A.7). Very fine to fine roots were present throughout 
the soil profile. A horizon was found to be medium to fine vesicular pores, whereas B 
horizon had very fine dendritic tubular pores at the depth of 4 - 13 cm. The CEC o f A 
horizon was 5.4 meq lOOg ' with a very slight decrease in deeper horizons; 5.1 meq lOOg 
■' at 4 - 13 cm depth. The surface bulk density was 1.59 g cm' ,^ which decreased a little 
with depth; 1.49 g cm  ^at 4 -13 cm depth, but was very high (2.16 g cm' )^ near the pan. 
The soil was violently effervescent throughout the pit. (Table A.7)
A very low concentration o f total soluble SO4 (2.84 mg k g ') and soil sulfur content 
(10.1 mg L ') was observed till depth o f 13 cm. No significant change was observed in 
the total percent carbon and nitrogen levels with soil depth. Soil phosphorus levels
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decreased a bit with increased depth while potassium levels increased with depth. Soil pH 
increased with depth; 7.93 at surface to 8.13 at depth o f 13 cm. (Table 3.7)
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Horizon No. SO4-S Cl Ca Mg Na K B S pH P %C %N
H2O CaCl2
—-mg kg -1------ -mg L-1
A 1 4.16 17.6 40.98 17.82 30.58 12.40 0.09 13.16 8.55 7.93 3.60 4.26 0.05
Bk 2 1.52 15.2 20.64 11.65 27.37 15.43 0.1 6.803 8.76 8.13 2.27 4.34 0.05
Bkm 3
Satl
A/Bk 0-13 ^  ■ 8.65 8.14 1.65 4.58 0.04
Bkm 13-35 32 46 61.85 45.56 100.2 142.8 0.11 160.4 8.33 8.27 1.38 4.76 0.05
Sat2
A 0-5 6.87 21.1 49.97 22.71 31.62 11.75 0.26 23.90 8.55 8.03 4.58 5.18 0.06
Bk 5-12 4.81 27.1 30.81 16.20 32.95 13.53 0.14 24.58 8^8 8.29 1.41 6.72 0.05
Bkm 12-20 452 15.4 331.7 53.28 22.99 26.6 0.35 407.1 7.86 7.88 0.85 6.04 0.04
Sat3
A 0-4mm 4.71 27.9 56.20 27.77 40.43 7.853 0.27 18.77 8.37 7.81 3.81 4.71 0.05
Bk 0.4-7cm 1.29 20.5 29.60 16.47 38.05 10.23 0.17 8.787 8.60 7.98 3.75 4.87 0.05
Bkm 7-~ 8.40 7.90 2.03 5.17 0.04
Sat4
A 4cm 3.67 19.4 40.67 22.48 29.66 11.97 0.32 18.46 8.48 7.95 3.44 5.30 0.06
Bk 4-16 3.34 16 17.32 13.58 28.61 16.78 0.14 11.91 8.92 8J5 1.49 5.92 0.05
Bkm 16— 2&8 16.1 28.89 43.26 91.11 153.8 0.09 152.3 9.02 8.34 1.19 5.36 0.04
Utm Coordinates
Satl 666433 4017344
Sat2 666351 4017317
Sat3 666410 4017306
Sat4 666471 4017408
Table 3.7 Results showing soil chemical properties for Site 7, occupied by^L californica.
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Statistical results of^. californica populated and unpopulated sites
Surface bulk density was found to be greater on A. californica populated sites (mean 
= 1.44 g cm' )^ as compared to unpopulated sites (mean = 1.06 g cm‘^ ) (Table 3.9). 
However, t-test result showed no significant difference (p = 0.071) in surface bulk 
density between populated and unpopulated sites (Table3.9). A. californica populated 
sites had significantly (p = 0.048) lower penetrometer values than unpopulated sites 
(Table3.9). Mean penetrometer value for populated sites was 1.25 kg cm'  ^and for 
unpopulated sites it was 2.37 kg cm' .^ A statistical difference (p = < 0.001) was shown 
for the clast percent cover between populated and unpopulated sites (Table3.9). A. 
californica populated sites were found to have more clasts (mean = 81.0) as compared to 
unpopulated sites (mean = 54.8). Chi square analysis showed no significant difference (p 
= 0.064) in the aggregate stability o f  soils at A. californica populated and unpopulated 
sites. (Table 3.10) Approximately 70 % of soils at populated sites had class 2 and 3 
aggregate stability; 10 % of soils were o f class 1 aggregate stability and the remaining 
20% o f soils had class 4, 5 and 6 aggregate stability. Sulfur levels on the surface horizon, 
while not significantly different, were found to trend towards higher values on 
unpopulated sites than on populated sites (p = 0.098) (Table 3.9).
Soil sulfur levels up to 40 cm depth (rooting depth of A. californica) showed no 
significant difference (p = 0.387) between populated and unpopulated sites. Similarly no 
significant difference was found in total soluble SO4 levels (p = 0.399) between populated 
and unpopulated sites (Table 3.9). A gradual decrease in the bulk density was observed 
with depth at all study sites. However, no significant difference (p = 0.810) was found in 
subsurface bulk density between populated and unpopulated sites (Table 3.9). There were
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no differences (p > 0.05) found in Ca, Mg, P, K, percent C and N levels between A. 
californica populated and unpopulated sites (Table 3.9). All study sites were found to be 
alkaline (Table 3.8), the pH of A. californica populated sites was slightly less basic than 
the pH of unpopulated sites yet no significant difference (p = 0.503) in the pH of 
populated and unpopulated sites was found (Table 3.9).
X-ray diffraction results on soil samples from the pit confirmed presence o f gypsum 
at the sites where sulfur levels were above 70 - 100 ppm. Site 1 had common gypsum 
present in horizon 5 (Bkm). Site 3 had common gypsum in horizon 4 (Bky2) and little 
gypsum present in horizon 5 (Bkym). Gypsum was found to be present at the pan (C) of 
site 5 but in very less amounts. At site 6, horizon 3 (By), 4 (By2), 5 (By3) had dominant 
gypsum and horizon 2 (Bw) had little gypsum. Site 7 had little gypsum present at the pan 
(C). (Table 3.10)
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Unoccupied sites Occupied sites
Component Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7
SO4-S (ppm) 59.16 11.56 94.51 8.69 121.79 562.29 40.73
(49.85) (3.81) (138.19) (5.29) (142.24) (177.68) (64.73)
Cl (ppm) 16.83 17.75 26.68 29.75 14.47 27.14 24.99
(4.04) (5.10) (11.80) (12.59) (2.42) (5.25) (12.16)
Ca (ppm) 91.17 50.69 72.55 19.18 105.44 474.43 60.40
(89.53) (68.50) (54.11) (8.69) (112.70) (444.46) (45.04)
Mg (ppm) 38.56 19.48 29.33 10.04 39.12 33.38 27.92
(31.71) (22.46) (21.69) (6.26) (35.49) (23.21) (11.04)
Na (ppm) 37.63 34.92 58.51 26.61 33.10 27.39 49.48
(14.51) (16.47) (47.03) (9.57) (19.86) (14.57) (29.62)
K (ppm) 24.28 20.20 32.90 8.90 23.12 45.53 48.78
(15.79) (16.47) (24.84) (4.44) (18.60) (30.91) (56.51)
B (ppm) 0.73 1.20 2.23 0.26 1.99 0.53 0.17
(0.85) (2.04) (2.92) (0.12) (2 .86) (0.36) (0.07)
S (ppm) 107.09 11.20 84.55 9.34 138.47 497.02 79.38
(119.36) (6.61) (105.42) (5.81) (170.76) (492.50) (72.94)
pH 8.12 7.91 8.21 8.00 7.97 7.97 8.08
(0.13) (0.04) (0.06) (0.05) (0.06) (0.07) (0. 12)
P (ppm) 1.66 1.93 2.71 0.12 0.22 0.08 2 39
(0.66) (0.39) (0.49) (0.02) (0.07) (0.03) (0 .68)
%C 5.71 5.42 6.52 5.42 7.07 3.85 5.08
(0.98) (0.29) (0.89) (0.43) (0.39) (0.83) (0.67)
%N 0.05 0.05 0.06 0.05 0.09 0.72 0.05
(0.01) (0.00) (0.01) (0 .01) (0.03) (0.38) (0.00)
Table 3.8 Results from soil analysis up to 40cm depth: showing levels (mean and
standard deviation) o f components at study sites. Sites 1 - 3 are A. californica 
unoccupied sites and Sites 4 - 7 are A. californica occupied sites.
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Populated Unpopulated
Component Mean StDev Mean StDev P-value
Surficial 
bulk density 1.44 0.16 1.06 0.19 0.071
penetrometer 1.25 0.21 2.37 0.40 0.048
clast 81.00 15.20 54.80 11.60 0.000
sulfur 66.00 101.00 198.50 61.00 0.098
Agg. Stability ~ ~ 0.630
Subsurface 
Bulk density 1.28 0.34 1.23 0.15 0.810
S 181.00 217.00 67.60 50.10 0.387
SO4-S 183.00 257.00 55.10 41.60 0.399
Ca 165.00 209.00 71.50 20.30 0.441
Mg 27.60 12.60 29.12 9.54 0.866
P 0.70 1.13 2.10 0.55 0.096
K 31.60 18.90 25.79 6.48 0.609
C 5.36 1.33 5 j # 0.57 0.515
N 0.23 0.33 0.06 0.01 0.367
pH 8.01 0.05 8.08 0.15 0.503
Table 3.9 Statistical results (mean and p-value) for major components at soil surface and 
sub surface (40 cm depth) at A. californica populated and unpopulated sites.
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Calcium
Magnesium Mica, lllite
Ammonium 
Smectite Chromium 
Group Sulfate Notes
LA
LBt
XXX
XXX
XXX
XXX
XXX
XXX
X
X
i X 
i X
i
I M l X XXX X X X i X
l.B tk2 XX XXX X X i X X Some calcium  sulfate h) drate
l,Bkm XX XXX X X X XX i X I
U XXX XX X X i i X 1
IB w XXX X XXX X t  X i
IB k y XXX XXX XXX X X i XXX i
IB k y m XXX XXX XXX X i i X i
3.A XXX XX X X i i X I
3.Bw XXX XX X X i X I
3.Bkyl XX XXX X X i i X
3.Bky2 XXX X XX i X 1
3.Bkym XX XXX i X i i i
U XXX X X X i i I
4 .8k XXX X X X X i i
4,Bk2 XXX XX X X i I
4,Bkm X XX X i i I M aybe ammonium flouride
5,A XXX XX XX X X i i Lead mineral
5,Btk XX XX XXX X X X i i
5 .8 tk2 XX XX XXX X X i i
5.C XX XX XXX X i i i
XXX X XX X i X i i
6.Bw XXX X XX i X i i i Possible selenium  mineral
# X vlow X X X X  X  X i Bassanite. Calcium  Sulfate H ydrate
6.8y2 X X i XXX X i i Bassanite. C alcium  Sulfate Hydrate
6.By3 XX X X XXX X i i Bassanite. C alcium  Sulfate Hydrate
U XXX X X X i i I
7,Bw XX X XX X i i i Possible selenium  imneral
7.C X X XX X X i i I
XXX = dominant 
XX = common
X = present but lesser amounts 
i = likely, but peak masked by other minerals
Table 3.10 XRD results showing qualitative mineral contents at study sites.
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I Gypsum peak
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Site 6 (lower horizon) showing gypsum peak
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Site 7 (lower horizon) no gypsum peak
Figure 3.1 Results of XRD: graphs showing correlation between high S and gypsum 
peaks
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CHAPTER 4 
DISCUSSION
Previous studies by Meyer (1986) and Thompson and Smith (1997) suggest that 
surface characteristics such as surface crust and bulk density may affect the occurrence of 
A. californica. Both researchers also found thick cryptogamie crusts and low bulk density 
soils on A. californica occupied sites. However, as compared to Meyer (1986), results 
from this study indicate that there was no statistically significant difference in the surface 
soil bulk densities of A. californica populated and unpopulated sites. In contrast to 
Meyer’s (1986) findings, the surface bulk density o f soils at populated sites was higher 
(mean = 1.44 gm cm' )^ as compared to the unpopulated sites (mean = 1.06 gm cm"^ ), 
however this was only significant different at an alpha o f 0.10 (p = 0.07) (Table 3.9). 
Results from this current research suggest that A. californica is not necessarily associated 
only with low bulk density soil.
Results from this study found a significant difference (p = 0.048) in surface 
penetrometer values between populated and unpopulated sites. Populated sites were 
found to have low surface penetrometer values as compared to unpopulated sites. This 
suggests that populated sites have a weaker crust strength which might be due to high 
clast cover that restricts crust formation; crusts are tightly bound mesh o f various 
cyanobacteria, lichens, mosses, and fungi, which are photosynthetic, and require adequate 
sunlight to grow (USGS, July 1997). A. californica populated sites also had significantly 
higher percentages of rock fragments than unpopulated sites (Table 3.9). At sites 4 and 5,
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clast cover formed desert pavements with well developed vesicular structure; other 
populated sites had less continuous clast cover. 1 hypothesize that high clast cover may 
benefit A. californica, by acting as trap for wind blown seeds and as a refuge for 
germinating seedlings. Vesicular crust associated with high clast cover might also catch 
moisture and nutrients (via dust), as vesicular crust largely controls water, solid and 
gaseous exchanges between the soil and the atmosphere (Souiiji and Marcoen 1998); 
such factors may aid in the establishment of A. californica. Further research should 
examine both o f these hypotheses.
Low aggregate stabilities o f soils ranging from class 1 to 3 were found both at 
populated and unpopulated sites. Since aggregate stability is dependent upon soil texture, 
and bulk density o f soil, this finding suggests that soils at study sites have low organic 
matter content, thus were less stable in rain; these soils can compact overtime and have 
high bulk densities (Herrick et al. 2001). Low aggregate stability soils have less 
resistance to erosion and therefore are more prone to nutrient loss (Herrick et al. 2001).
Thompson and Smith (1997) in their study found that v4. californica is associated with 
high sulfur content o f the gypsum soils. The plant takes sulfur in the form o f soluble SO4 
for its growth and sulfur in the mineral form is unavailable to the plants (Doner and 
Lynn, 1989). Results from this study showed that A. californica populated sites had lower 
surface sulfur levels and higher subsurface levels than unpopulated sites (Table 3.9). 1 
hypothesize that plants germinate better on soils where sulfur is leached deeper in the 
form of soluble S0 4 by years o f rain or one wet season. According to Thompson &
Smith, (1997), the seedling stage is the most susceptible stage with high mortality rate, 
and high temperatures (such as arid climate) favor sulfur toxicity (Moorman, 2005).
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Thus, results from my current study infer that surface sulfur levels were low at populated 
sites, which parallels the findings of Thompson and Smith (1997), suggesting that high 
soil sulfur content does not favor germination. BLM personnel and field contractors have 
observed a large population o f A. califomica seedlings emerging this spring and summer 
(2005) after last winters (2005) higher rainfall. Future research should explore the 
relationship between germination and soil sulfur and sulfate contents.
According to Meyer (1986) and Thompson and Smith (1997) A. califomica is usually 
associated with gypsum soils due to its aqueous composition (CaS04 .H20). XRD results 
indicate that sulfur levels above 70 - 100 ppm had detectable XRD gypsum or sepiolite 
(Figure 3.1). Gypsum is a hygroscopic mineral and water comprises part of the mineral’s 
structure; thus gypsum might attract water in the soils (Doner and Lynn, 1989). However 
water contained in the crystalline structure o f gypsum is not likely available to plants 
because o f its bonding with CaS04 (Doner and Lynn, 1989). Results from this study 
showed that not all populated sites had gypsum. While this suggests that A. califomica 
can actually occur on wider variety of soils and parent material than may have been 
originally thought, interpretations should be made with caution because heavy rains prior 
to sampling may have washed sulfur and gypsum into sub-horizons. However, these 
results also suggest gypsum may not be a requirement for A. califomica and that, high 
sulfur levels might be an indirect advantage for A. califomica, by creating a low 
competition environment since some other species cannot tolerate high sulfur levels 
(Meyer, 1986). Future research should explore this.
In our results, soil calcium was found to be higher (not statistically significant) on A. 
califomica populated sites than on unpopulated sites. A. califomica populated sites also
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had lower levels of phosphorus as compared to unpopulated sites (not statistically 
significant), supporting the findings o f Sheldon (1994). No significant difference was 
found in the soil chemistry (Ca, Mg, P, K, C, N, S, and pH) of A. califomica populated 
and unpopulated soils (Table 3.9). While the^. califomica seed source was not measured 
in this study, the similarities in the soil chemistry o f A. califomica populated and 
unpopulated sites, suggests that unpopulated sites may be suitable for A. califomica 
establishment or that A. califomica may have once occurred on unpopulated sites and that 
there might be a possibility of future establishment o f A. califomica on these sites.
Results fi’om this study suggest that A. califomica occurrence is strongly related with 
soil surficial characteristics such as clast cover. In this study the species was not 
restricted to gypsum soils and/or high sulfur concentrations and soil analyses showed no 
specific elemental requirements for A. califomica. While results suggest the species 
occurs on a wider variety of soils than were originally thought, results should be 
interpreted with caution due to the abnormally high winter and spring rainfall totals 
preceding sampling. Future research on foliage analyses might provide more insight as to 
what elements are taken up most by the plant and therefore what elements are important 
for plant growth.
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CHAPTER 5 
CONCLUSIONS
Results from this research suggest that such soil surficial characteristics as percent 
rock fragments, crust strength and surface sulfur levels are more important determinants 
of the occurrence of^ . califomica populations than is soil chemistry. No significant 
difference was found in soil chemistry between populated and unpopulated sites, 
suggesting that soil chemistry might not be a key factor in the occurrence of A. 
califomica at these study sites. In addition, this study found that A. califomica can occur 
on a wider variety of soils and parent materials than suggested by previous studies, and 
that A. califomica may not be limited to gypsum soils. However, interpretations should 
be made with caution due to abnormally high rainfall events prior to soil sampling.
This study found no significant difference in soil sulfur and total soluble sulfate 
between habitat locations. This suggest that sulfur, and thus gypsum, may not be a 
requirement for species establishment and existence. In this study, differences in soil 
surficial characteristics appear to be more important than soil chemistry in explaining 
differences between populated and unpopulated A. califomica locations.
While this study provides further understanding o f the soil physical, chemical and 
mineralogical requirements important for conservation and establishment o f A. 
califomica, there are a few limitations. The small number of study sites may limit the 
strength of the findings. In addition, this study does not address climatic requirements 
(temperature and precipitation), soil microbial interactions, mycorrhizal relationships, or
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pest and pollination problems, which might also play an important role in the occurrence 
and establishment of the plant. For example, past studies found that populations of inseet 
pollinators important to A. califomica are declining (Mistretta et al, 1996), which may 
explain the decline in A. califomica populations. Future research on foliage chemical 
analyses for J. califomica might provide more insight as to what elements are important 
for plant growth. While future research can provide a better understanding o f A. 
califomica's habitat requirements, given the current situation, one o f the most important 
conservation measures is the protection of areas with^. califomica populations from 
further development. Finally, re-vegetation on unoccupied outerops with suitable habitats 
should be investigated.
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APPENDIX
Horizon HorizonNumber Depth
Color
moist Color Dry Sand Silt Clay
USDA texure 
class CEC meq lOOg -1
cm %—
A 1 0-4 7.5YR 7/4 7.5 YR 6/4 62.3 18.8 18.8 sandy loam 6.4
Bt 2 4-11 7.5YR 7/3 7.5 YR 7/4 48.4 23.2 28.4 sandy clay loam 9
Btk 3 12-26 7.5YR 7/4 7.5 YR 7/4 23.9 26.3 49.8 clay 10.4
Btk2 4 26-38 lOYR 8/3 lOYR 8/2 2 1 2 20.7 57.1 clay 7.9
Bkm 5 38— lOYR 8/3 10YR8/3
 ^ Consistence Stickiness/ 
su m n m Roots Pores Boundary EfFervesence
A 1 pl,2,tk L/~ ss/sp vf,vf,t c,f-m,v CS VE
Bt 2 sbk,l,m S/fr s/p C,vf-f,t m,vf,dt; f,f,dt cs VE
Btk 3 sbk,l,m ~/fr ss/sp c,vf-f,t; f,m,t c,f,dt CS VE
Btk2 4 sbk,l,m ~/fr s/p c,vf-f,t; f,m,t c,vf,dt cs VE
~ ~ VE
Horizon
Number Redoximorphic features , Ped/smface features (g/cm3)
1 — 1.18
2 Oxidized rhozospheres: F3M,F, 1,D,7.5 YR 6/6,m,i,rpo/vpf,L,F; c 1.09 silt bridging
silt/clay bridging
3 Oxidized rhozospheres; F3M,F,1,D,7.5YR 6/6,m,i,rpo/vpf,L,F; c 1.08 between grains, clay
^  ^  K , , , ojj larger root
channels (0.5-1 mm)
4 Oxidized rhozospheres: F3M,F,1,D,7.5YR 6/6,m,i,rpo/vpf,L,F; c 1.05 surfkces”^
5 2.06
Table A.l Soil profile description for Site 1, unoccupied by^L califomica.
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Horizon
Number Concentrations Other notes
1
Maybe gypsum crystals present, few (1-10%), fine, 
look like stage 1 snowballs 
Maybe gypsum crystals present, few (1-10%), fine, 
look like stage 1 snowballs; some areas of Fe masses 
(1 cm) variable 7.5 YR color, faint
Maybe gypsum crystals present, few (1-10%), fine, 
look like stage 1 snowballs
Maybe gypsum crystals present, few (1-10%), fine, 
look like stage 1 snowballs, some detrital carbonate 
(<5%); odd pink filaments, <0.5 mm.
Maybe gypsum crystals present, few, fine, look like 
________________stage 1 snowballs________________
mean clast cover 61%
Root distribution is patchy; not 
continuous but follows areas o f looser 
soil.
Root distribution is patchy; not 
continuous but follows areas o f looser 
soil.
Table A.l (continued) Soil profile description for Site 1, unoccupied by^L califomica.
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Horizon HorizonNumber Depth
Color
moist Color Dry Sand Silt Clay
USDA texure 
class CEC meq lOOg -1
cm % -
A 1 0-4 7.5 YR 7/3 lOYR 6/4 68.0 14.4 17.5 sandy loam 7.2
Bw 2 4-10 10YR7/3 10YR7/4 68.6 11.3 20.1 sandy clay loam 7.4
Bky 3 10-29 lOYR 7/3 lOYR 6/3 74.8 7.6 17.7 sandy loam 8
Bkym 4 2 9 - 10YR7/4 lOYR 6/4 35.3 34.6 30.2 clay loam 5.9
Structure Consistence Stickiness/Dry/Moist Plasticity Roots Pores Boundary Effervesence
A 1 gr,f,l lo/~ ns/np vf,vf,t m,vff,vs AS VE
Bw 2 sbk,co,l;pl,f,l ~/fr ss/sp vf,vf,t v fv fv s cw VE
Bky 3 sbk,vf,l ~/fr ss/sp f,vf,t v fv fv s cw VE
Bkym 4 ~ ~ VE
Horizon
Number Redoximorphic features
Db
(g/cm3) Ped/surface features
1
2
~ 0.84
1.36
Well developed vesicular pore structure but 
looks cemented with carbonate
silt/clay coating on pararock fragments
3 ~ 1.40 silt/clay coating on pararock fragments
4 ~ 1.96
Horizon
Number Concentrations Other notes
1 cemented carbonate granules throughout, holds horizon together mean clast cover 42%
2 detrital carbonate, 30% ~
3 detrital carbonate, 40%
4 gypsum believed to be in pan ~
Table A.2 Soil profile description for Site 2, unoccupied by^L califomica.
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Horizon HorizonNumber Depth
Color
moist Color Dry Sand Silt Clay CEC meq lOOg-1
cm
A 1 0-4 lOYR 7/2 10YR6/3 68.6 13.8 17.6 sandy loam 5.5
Bw 2 4-10 10YR8/3 lOYR 8/3 65.7 14.0 20.4 sandy clay loam 5.3
Bkyl 3 10-23 10YR8/2 lOYR 8/2 32.5 29.1 38.4 clay loam 4.8
Bky2 4 23-41 lOYR 8/2 lOYR 8/2 16.5 27.4 56.1 clay 4.3
Bkym 5 41— 10YR8/3 lOYR 8/3 - 4.8
_ Consistence Structure ^   ^
Dry/Moist
Stickiness/
Plasticity Roots Pores Boundary Effervesence
A 1 pl,2,vk vh/f ss/sp vf,f,t m,vf-f,m A/s VE
Bw 2 sbk,l,c 1/vfr ss/sp vf,m,t;f,f,t c,vf,t A/S VE
Bkyl 3 sbk,l,c 1/fr ss/sp c,f-c,t vf,f,t C/S VE
Bky2 4 sbk,l,mc 1/fr ss/sp f,vf,t v f f t c/w VE
Bkym 5 — ~ — VE
Horizon
Number Redoximorphic features
Db
(g/cm3) Ped/surface features
1 1.17
2 — 1.18
3 — 1.19 distinct,silt bridges between grains, <5%
4 ~ 1.21 distinct carbonate and gypsum (?) all around grains, 100%
5 — 2.18
Horizon
Number Concentrations Other notes
1 Carbonate around pores and grains; m,vf,p/c mean clast cover 62%
T Carbonate around pores/grains and root channels;
m,vf,p/c
2 -5  mm nodules o f  carbonate and probably gypsum;
pores filled in places with carbonate, 25%
q Stage 3 gypsum snowballs; stage 2/3 carbonate;
horizon may be 1/3 gypsum
5
Table A.3 Soil profile description for Site 3, unoccupied by^L califomica.
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Horizon HorizonNumber Depth
Color
moist Color Dry Sand Silt Clay
USDA texure 
class CEC meq lOOg -1
cm “A -
A 1 0-5 7.5YR 6/4 10YR6/4 69.0 12.4 18.6 sandy loam 6.3
Bk 2 5-10 7.5YR 7/4 10YR6/4 55.8 22.8 21.4 sandy clay loam 9
Bk2 3 10-15 lOYR 7/3 lOYR 7/3 37.7 37.7 24.6 loam 10
Bkm 4 1 5 - 10YR7/4 lOYR 7/4
Consistence Structure ^
Dry/Moist
Stickiness/
Plasticity Roots Pores
Boundary Effervesence
A 1 0,sgr,vf 1/1 ss/sp f,f,t CS VE
Bk 2 sbk,l,co 1/vfr ss/sp m,f,t; f,f-m,t c,f,dt CS VE
Bk2 3 sbk,l,co Evfr ms/sp vf,vf,t f,vf-f,dt cs VE
Bkm 4 — ~ VE
Horizon
Number Redoximorphic features
Db
(g/cm3) Ped/surface features
1 ~ 1.26 ~
2 ~ 0.94 ~
3 ~ 0.90 ~
4 ~ 1.99 ~
Horizon
Number Concentrations Other notes
1 — Pavement o f about 80%, not tight in all places, mean clast cover 82%
2 Gypsum,2%, 1 ,f,fme,dispersed ~
3 Gypsum,2%, 1 ,f,fine,dispersed ~
4 ~
Table A.4 Soil profile description for Site 4, occupied hy A. califomica.
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Horizon HorizonNumber Deptli Color moist Color Dry Sand Silt Clay
USDA
texure
class
CEC meq lOOg -1
cm %—
A 1 0-10 lOYR 8/2 7.5YR 7/3 43.8 31.9 24.3 loam 5.4
Btk 2 10-30 lOYR 7/3 7.5YR 7/4 27.5 41.2 31.3 clay loam 4.9
Btk2 3 30-44 lOYR 7/3 7.5YR6/3 22.0 35.8 42.1 clay 4.8
C 4 44— 10YR7/4 7.5YR 6/3 ~ ~ ~
Structure Consistence
Dry/Moist
Stickiness/
Plasticity Roots Pores Boundary Effervesence
A 1 p l,'l,f 1/1 ss/sp c,f-m,t m,vf-m,vs cw VE
Btk 2 sbk,l,f 1/vfr s/p m,f-m,t vf,vf,t cw VE
Btk2 3 sbk,l,vf 1/vfr s/p m,f-m,t f,vf,t cw VE
C 4 — ~ VE
Horizon
Number Redoximorphic features
Db
(g/cm3) Ped/surface features
1 ~ 1.56 Good vesicular structure; silt coats on rock fragments
2 1.09 Good vesicular structure; silt coats on rock fragments
3 0.48
4 0.76
Horizon
Number Concentrations Other notes
1 Lots o f  detrital carbonate, 50-60% Rock fragments are from the pan mainly; mean clast cover 92%
2 Lots o f  detrital carbonate, 50-60% Rock fragments are from the pan mainly
3 Maybe gypsum snowballs, <5% Rock fragments are from the pan mainly
4 ~
Table A.5 Soil profile description for Site 5, occupied by^L califomica.
51
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Horizon HorizonNumber Depth Color moist Color Dry Sand Silt Clay
USDA
texure CEC meq lOOg -1 
class
cm %—
A 1 0-6 7.5YR 7/4 lOYR 5/4 50.0 31.0 19.0 loam 7
Bw 2 6-14 lOYR 8/3 10YR6/3 45.9 34.3 19.8 loam 6.8
By 3 14-40 lOYR 8/4 lOYR 6/3 53.0 35.8 11.2 sandy loam 3.4
By2 4 40-67 lOYR 8/4 lOYR 6/2 46.6 42.1 11.2 loam 3
By3 5 67-100 lOYR 8/3 lOYR 6/3 46.2 42.8 11.0 loam 2.8
Structure Consistence
Dry/Moist
Stickiness/
Plasticity Roots Pores Boundary Effervesence
A 1 sgr,0,vf l/~ ss/sp c,vf-f,t m,vf,m CS ST
Bw 2 gr,m,m-c ~/vfr ss/sp c,v-v£,t f,m,ve CW ST
By 3 sbk,w,vc ~/vfr ss/sp f,f,t vf,f,ve CW SL
By2 4 sbk,m,m-c ~/fi ss/sp ~ CW SL
By3 5 abk,w,m ~/fl ss/sp ~ ~ ST
Horizon
Number Redoximorphic features Db (g/cm3) Ped/surface features
1 ~ 1.35
2 ~ 0.94
3 ~ 0.84
silt/clay skins around rock fragments, lOYR 
6/4
4 ~ 0.94
silt/clay skins around rock fragments, lOYR 
6/4
5 ~ 0.96 silt/clay skins around rock fragments, larger and more abundant than above horizons
Horizon
Number Concentrations Other notes
1 mean clast cover 91%
2 Gypsum snowballs (crystals) present, few
< 1 %,fme,GBC-,mat,S,-
3 Gypsum snowballs (crystals) present, c
25%,fine,GBC-,mat,S,-
4 Gypsum snowballs (crystals) present, c
25%,fine,GBC-,mat,S,-
5 Gypsum snowballs (crystals) present, c 40-
50%,fine,GBC-,mat,S,-
Table A.6 Soil profile description for Site 6, occupied by^L califomica.
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Horizon HorizonNumber Depth Color moist Color Dry Sand Silt Clay
USDA
texure
class
CEC meq lOOg -1
cm %—
A 1 0-4 lOYR 7/3 lOYR 6/3 42.1 42.8 15.1 loam 5.4
Bw 2 4-13 10YR8/3 10YR7/3 18.8 58.5 22.7 silt loam 5.1
Bkm 3 13— 10YR8/2 10YR7/3 ~ ~
Consistence 
Structure ^  .Dry/Moist
Stickiness/ „  ^
Plasticity
Pores Boundary Effervesence
A 1 
Bw 2 
Bkm 3
pl,2,m l/~ 
sbk,l,m ~/vfr
ss/sp f v f t  
ss/sp v,vf-f,t
m,f-m,v CS 
v,vf,dt CS
VE
VE
VE
Horizon
Number Redoximorphic features Db (g/cm3) Ped/surface features
1 1.59
2 1.49
3 2.16
Horizon Concentrations Other notesNumber
Lots o f pan fragments (75%)
Maybe silica concentrated around pararock 
__________ fragmenmts in places__________
Table A.7 Soil profile description for Site 7, occupied by^L califomica.
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Figure A.l Pictures showing site 1 landscape and soil profile.
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Figure A.2 Pictures showing site 2 landscape and soil profile.
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Figure A.3 Pictures showing site 3 landscape and soil profile.
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Figure A.4 Pictures showing site 4 landscape and soil profile.
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Figure A.5 Pictures showing site 5 landscape and soil profile.
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Figure A.6 Pictures showing site 6 landscape and soil profile.
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Figure A.7 Pictures showing site 7 landscape and soil profile.
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